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ABSTRACT 

Background: In living donor liver transplantation (LDLT), reported donors’ mortality and morbidity were highly 
correlated with surgeon skills. Therefore, liver transplantation has become a distinct maneuver. In addition, minor liver 
surgeries complications include shoulder pain, pruritus, urinary retention, as well as major morbidity such as central venous 
catheter-induced thrombosis of brachial and/or subclavian vein, neuropraxia, foot drop also prolonged post-dural puncture 
headache. 

Objective: to compare effectiveness of transcutaneous electrical nerve stimulation (TENS) versus low level laser therapy 
(LLLT) on pain and functional performance of liver donors' suffering from shoulder pain. 

Patients and Methods: Thirty donors of both genders with ages ranging from 20 to 40 years old were selected from the 
Physical Therapy Outpatient Clinic of National Liver Institute, Menoufia University. They were randomly allocated into 
two equal groups: Group A included 15 donor patients who received 30 minutes TENS, 3 times per week, plus conventional 
physical therapy exercise program for 12 sessions along 4 weeks and group B that included 15 donor who received fifteen 
minutes LLLT 3 times per week plus conventional physical therapy exercise program for 12 sessions along 4 weeks. 
Results: A significant improvement of VAS values post-treatment in both groups, also a significant SST benefits, plus 
improvement in shoulder flexion and abduction post-treatment compared to pre-values (p < 0.001) unless group A values 
that were superior to those of group B. 

Conclusion: It could be concluded that both TENS as well LASER were effective in shoulder functional performance in 
donor` painful shoulders, but TENS was more effective. 
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INTRODUCTION (LLLT) has been determined as effective physical 
Liver has been classified as an internal organ interacts modality for gaining analgesia also accelerates healing of 
with all human` systems, so that individuals received or numerous clinical disorders such as painful shoulders, 
donated liver graft faces huge physiological changes ®. which is explained based on biostimulation with light 
Postoperative donors faces shoulder pain, foot drop also energy enhancing homeostasis level. LLLT is used in 
compartment syndrome, which might be explained due to acute, chronic painful and inflammatory affections by 
intraoperative malpositioning. That is why must ensure very weak (1-10 mW) irradiation in special wavelength of 
that proper positioning is whole surgical team obligation 904 nm, 
including the anesthesiologist ®. Commonly, liver The aim of the present study was to compare 
donors’ shoulder pain determined as an important effectiveness of transcutaneous electrical nerve 
musculoskeletal complication that requires stimulation (TENS) versus low level laser therapy 
multidisciplinary management including  self-advice, (LLLT) on pain and functional performance of liver 
analgesics and relative rest, as well access to donors' suffering from shoulder pain. 
physiotherapy ©.  Donors' painful shoulders` 
physiotherapy protocols includes various modalities PATIENTS AND METHODS 
including cryotherapy, electrotherapy and mobilizing Thirty liver donors' participants of both genders 
techniques in addition to therapeutic exercise training. whose ages were 20- 40 years old. They were randomly 
Clinically, usual electrotherapy applications were selected from Physical Therapy Outpatient Clinic of 
ultrasound therapy, transcutaneous electrical nerve National Liver Institute, Menoufia University. Then, they 
stimulation (TENS) as well as laser for painful donors` were allocated into two equal groups. Liver donors” 
shoulders. In addition, TENS is non-invasive, analgesic participants that were suffering from unilateral painful 
technique that is claimed to have an effect. Worldwide shoulder, had assigned their informed consent, if free of 
TENS usage for various musculoskeletal painful study exclusion criteria, which included cardiac and 
disorders throughout health care is considered a common pulmonary disorders, diabetes mellitus or other 


managing modality ©’. Besides, low level laser therapy 
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orthopedic limitations, psychiatric and neurological 
disorders. 


Ethical consent: 

A single-blinded randomized controlled clinical 
that study was approved by Ethical Committee of 
Faculty of Physical Therapy, Cairo University. 
Research Ethics Committee and quality control 
approvals were held. Present study was explained in 
details and in plain terms to each participant before 
assigned their informed written consent. Quality 
control of screening, handling of data and verification 
of adherence to protocols were done on a regular basis 
by trial coordinator. This work has been carried out 
in accordance with The Code of Ethics of the World 
Medical Association (Declaration of Helsinki) for 
studies involving humans. 


Treatment: 

Visual Analogue Scale (VAS) was used to evaluate 
pain. Simple shoulder test (SST) was used to examine 
functional performance and Goniometry to assess 
affected shoulder flexion and abduction at beginning and 
by end of the study that extended for four weeks. 


Group A: 15 liver donor participants that received thirty 
minutes TENS, 3 times per week, plus conventional 
physical therapy exercise for 12 sessions along 4 weeks. 


Group B: 15 liver donor participants that received fifteen 
minutes LLLT 3 times per week, plus conventional 
physical therapy exercise for 12 sessions along 4 weeks 
(6) 


Visual Analogue Scale (VAS) is considered as gold 
standard that is used particularly in pain-academic 
research. VAS consists of a 10 cm long horizontal line 
then single question in standardized wording: ‘no pain’ on 
left edge of the line, also ‘worst imaginable pain’ on the 
right line side, a mark was placed in corresponding to 
participants* pain intensity level ”. 

The shoulder simple test (SST) in brief, is valid, 
easy, short, reliable and self-report responsive 
questionnaire that consists of twelve questions with 
dichotomous response options of ‘‘1= yes” or ‘‘0 = no”. 
Each SST item is classified as function related pain (2 
items), function/strength (7 items), and range of motion 
(3 items). SST total score ranges from zero (extreme 
physical limitations in function) to 12 (no functional 
limitation) simply, zero (worst function) and 100 (best 
function). Scoring is calculated as follows (‘‘yes”’ 
responses repetitions/ number of answered items) 100 = 
% ©., 

Shoulder flexion and abduction were examined by 
Goniometry as an essential assessing musculoskeletal tool 
in practice era. It is used to determine any sort of physical 
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dysfunction that guide treatment and generates evidence 
for treatment effectiveness. Universal goniometers (UG) 
were the most common goniometer tool used clinically 
due to its easily accessible, relatively inexpensive and 
portable ®. 


Physical treatment- Group A/ TENS 

- Initial assessment using VAS, SST and shoulder 
flexion and abduction were taken after 4 weeks of 
study treatment protocol. 

- Participant was placed in comfortable supine 
position. 

- Affected shoulder supraspinatus and posterior 
deltoid muscles were selected as treatment target, 
key maintaining correct shoulder alignment those 
providing stabilization. Therapeutic electrical 
stimulation to the supraspinatus and posterior deltoid 
muscles has been assigned to reduce shoulder pain, 
improve muscular force, and facilitate shoulder 
stability 2. 

- Four surface electrodes (4x4 cm) were placed on 
targeted area in cross form then participant received 
TENS in conventional mode (100 Hz, 120 us and 30- 
40 mA) for 20-30 minutes per session “1, 


Physical treatment- Group B/ LLLT 

- Initial assessment using VAS, SST and shoulder 
flexion and abduction were taken after 4 weeks of 
study treatment protocol. 

- Participant was placed in comfortable supported 
sitting position. 

- Participant was wearing eye glasses to prevent 
retinae damage. 

- LLLT (Ga As type 1-10 mW and 904 nm), was 
irradiated on painful points minimum two-maximum 
four points every 3-4 minutes and maximum 15 
minutes, in total ®. 

- The most painful points on deltoid and/or upper 
trapezius muscles ®”, 


Statistical analysis 

Descriptive analysis also unpaired t-test were 
conducted for comparing study groups demographics. 
Chi- squared was conducted for comparing of gender 
distribution in between groups. Normal data distribution 
was checked using Shapiro-Walk test for all variables. 
Levine’s test for homogeneity of variances was carried 
out. In addition, unpaired t-test was carried out to compare 
VAS, SST, flexion and abduction mean values in between 
study groups. Paired t-test was conducted for comparing 
between pre- and post-treatment per group. Study level of 
significance was set at p < 0.05, using statistical package 
for social studies (SPSS) version 25 for windows (IBM 
SPSS, Chicago, IL, USA). 


RESULTS 


Table (1) showed 


characteristics, there was no significant difference in 
between groups in age and gender distribution (p > 0.05). 
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study populations 


Table (1): Basic characteristics of participants 























Group A Group B P 
Mean + SD | Mean + SD valie 
Age (years) 29.73 +5.2 | 31.13+ 4.71 | 0.44 
Sex, n (%) 
0.7 
Females 5 (33%) 6 (40%) 
Males 10 (67%) 9 (60%) 











SD, standard deviation; p-value, level of significance 


Effect of treatment on VAS, SST, flexion and 
abduction: 
- Within group comparison: 

A significant diminished VAS values post- 
treatment in group A & B compared to those pre-ones (p 
< 0.001) with percentages were 76.1% & 44.3%, 
respectively. Additionally, there was a significant 
improvement of SST, flexion and abduction post- 
treatment values in both groups compared to pre-values 
(p < 0.001) with percentages of 140.44%, 26.32% and 
37.1% respectively for Group A. While in group B, they 
were 68.25%, 14.08% and 20.68%, respectively (Table 
2). 

- Between groups' comparison: 

No significant differences in between groups' pre- 
treatment (p > 0.05). Comparison in between groups post- 
treatment reported a significant improvement in VAS of 
group A compared to group B (p < 0.001) and a 
significant gain in SST, flexion and abduction of group A 
compared to group B (p < 0.01) (Table 2). 


Table (2): Mean VAS, SST, flexion and abduction ROM pre and post treatment of the group A and B 


































































































Group A Group B 
Mean SD Mean r SD MD fo yalue Bae 
VAS 
Pre treatment 7.53 41.5 6.93 + 1.33 0.6 1.15 0.25 
Post treatment 1.8 + 0.77 3.86 + 1.06 -2.06 -6.09 0.001 
MD 5.73 3.07 
% of change 76.1 44.3 
t- value 23.1 10.8 
p =0.001 p=0.001 
SST 
Pre treatment 4.13 1.5 4+1.3 0.13 0.25 0.79 
Post treatment 9.93 + 1.57 6.73 + 1.33 3.2 5.99 0.001 
MD -5.8 -2.73 
% of change 140.44 68.25 
t- value -15.77 -15.04 
p =0.001 p=0.001 
Flexion ROM (degrees) 
Pre treatment 118.9 + 10.49 116.5 11.85 2.4 0.58 0.56 
Post treatment 150.2 + 11.91 132.9 + 11.64 17.3 4.02 0.001 
MD -31.3 -16.4 
% of change 26.32 14.08 
t- value -10.64 -19.1 
p =0.001 p = 0.001 
Abduction ROM (degrees) 
Pre treatment 100.51 + 8.29 103 + 9.59 -2.49 -0.76 0.45 
Post treatment 137.8 + 11.11 124.3 + 10.72 13.5 3.38 0.002 
MD -37.29 -21.3 
% of change 37.1 20.68 
t- value -12.9 -13.25 
p =0.001 p =0.001 




















SD, standard deviation; MD, mean difference; p-value, probability value 
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DISCUSSION 

Living donor liver transplantation has become 
an alternative therapeutic maneuver in end-stage liver 
lesions. Always, liver donors were healthy persons as well 
their safety remained as primary concern. The objective 
of our clinical trial was to compare effectiveness of TENS 
versus LLLT on pain and functional performance of liver 
donors' painful shoulder. 

In LDLT, donors’ mortality and morbidity were 
highly correlated with surgeon skills. Therefor LDLT has 
become a distinct maneuver where anesthetists have a 
crucial role 9). In addition, minor liver surgeries 
complications includes shoulder pain, pruritus, urinary 
retention, and major morbidity such as central venous 
catheter-induced thrombosis of brachial and/or 
subclavian vein, neuropraxia, foot drop and prolonged 
post dural puncture headache “). 

According to medical literature, 
predominantly, phrenic nerve arises unilaterally from the 
3™, 4" also 5" cervical spinal roots then supply both 
shoulders as well diaphragm where providing regular 
diaphragmatic contractions during breathing. In 
particular, carbon dioxide-induced phrenic irritation leads 
to referred pain to fourth cervical dermatome and painful 
shoulder “, 

Previous study conducted by Akpek et al.0® 
comprehensively enumerated anesthetic thirty donors” 
complications such as shoulder and neuropraxia 
representing 3.3% of their study populations, which 
explained to be due to overstretching during extensive 
arm retraction intraoperatively. Furthermore, Schumann 
et al.“” examined temporary donors’ painful shoulder 
associated with diaphragmatic intraoperative irritation as 
well indwelling subdiaphragmatic surgical drains in 
nearby < 75% of their series. They suggested that 
postoperative epidural analgesia alone was not sufficient 
to prevent such complications. In brief, liver donors” 
painful shoulders were explained due to intrinsic 
pathologies in its periarticular structures such as 
supraspinatus, bicipital and/or rotator cuff tendinitis, 
impingement syndromes or supraspinatus rupture, as well 
as subacromial bursitis, arthritis even frozen shoulder 
...etc. where all of them restrict shoulder mobility in 
painful manner leading to disability 4. 

According to physical therapy shoulder 
rehabilitation guidelines, main goals could be enumerated 
in pain modulation, restoring muscular strength and 
maximizing dynamic function “). Most painful shoulder 
rehabilitation protocols include various modalities such as 
cryotherapy, electrotherapy, mobilization techniques and 
therapeutic exercising. Clinically, usual electrotherapy 
applications were ultrasound therapy, transcutaneous 
electrical nerve stimulation (TENS) as well as laser for 
painful donors shoulders“. 
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Our clinical trial results recorded a significant 
VAS post-treatment gains in group A & B compared to 
pre-ones (p < 0.001) with percentages of 76.1%-44.3%, 
respectively. Besides, there was significant improvement 
of SST, flexion and abduction post-treatment in both 
groups A & B compared to pre-ones (p<0.001) with 
percentages in group A were 140.44%, 26.32% and 
37.1%, respectively. While, in group B they were 68.25%, 
14.08% and 20.68%, respectively. Our results agree with 
the outcomes of Sluka ©) represented twenty randomized 
clinical trials, two of them had examined cold pack and 
TENS, one clinical study evaluated therapeutic exercise 
therapy and another four clinical trials studied 
effectiveness of LLLT and could not find statistically 
significant difference on painful soft shoulders structures. 
In the same line, Arzu “ found statistically significant 
differences in pain intensity and shoulders’ mobility and 
its functional performance in response to TENS, LLLT 
and combination of both therapeutic modalities for 
painful shoulder management. Actually, they could 
improve shoulder mobility and its functional performance 
plus modulation of felt pain intensity even if applied 
separately. 

Previous studies concerning TENS conducted 
by Bjordal et al. °°, Brosseau et al.2??, Rutjes et al.°”, 
Johnson et al.) and Bennett et al. ° recommended 
extensive TENS usage for acute as well as wide variety of 
chronic painful (>è three months’ duration) 
musculoskeletal lesions aiming to modulate postoperative 
pain. It was considered effective mainly in acute orofacial 
pain, painful dental maneuvers, fractured ribs and acute 
low back or shoulder pain disorders. In addition, 
numerous experimental TENS studies carried out by Jain 
et al. >), Dabholkar et al. °°, Hasan 2” and Manoj et al. 
8) reported that TENS was beneficial as an adjunct in 
management of type-1 complex regional pain syndrome, 
trigeminal neuralgia, labor low back pain, bruxism- 
associated masticatory pain, post-operative thoracic pain, 
cervical radiculopathy, sacroiliac joint dysfunction, 
fracture rib, diabetic neuropathy in addition to 
temporomandibular dysfunction, and painful shoulder. 

On the other hand, cold laser recognized as 
noninvasive, nonionizing and monochromatic 
electromagnetic high concentrated light beam (LLLT) 
was widely used in various rheumatologic as well 
musculoskeletal disorders aiming for its analgesic, anti- 
inflammatory and biostimulating effects. Moreover, 
LLLT was documented to induce cellular proliferation, 
collagen synthesis also protein synthesis, tissue reparation 
as well as wound healing and pain modulation through 
direct irradiation without any thermal response °). In the 
same line, LLLT was recommended to be combined with 
therapeutic exercise training than exercise training alone 
for pain management and functional benefits in 
rehabilitation of various musculoskeletal injuries. 
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According to physical therapy evidence-based practice, 
numerous recommendations of LLLT widespread usage, 
especially in shoulder management, unless there were 
insufficient unclear evidences reported that LLLT 
contributes to pain modulations and improvement of 
functional limitations, particularly in shoulder disorders 
rehabilitation ©. Furthermore, limited clinical studies had 
examined effectiveness of LLLT in shoulder 
rehabilitation. Bingöl et al. ©” has ensured no beneficial 
LLLT extra gains even if combined with exercise training 
compared to placebo. 

This clinical study was limited to physical as well 
psychological participants’ status those might affect trial 
evaluation and treatment measures’ values. 


CONCLUSION 

It can be concluded that both TENS and LASER 
are effective physical therapy modalities for improving 
shoulder functional performance, but TENS is considered 
more effective. 
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